The effect of a community intervention programme of antibiotics and meningitis vaccine on pharyngeal carriage of Neisseria meningitidis was investigated. Carriage rates were determined in pupils at both secondary schools (ages 11-18 years) included in the community intervention programme and compared with two schools outside the area matched for socio-economic status. A total of 1869 pupils were studied 6 months after the programmes, and 2457 pupils after 11 months.
INTRODUCTION
Widespread outbreaks of invasive meningococcal disease due to serogroup C have become increasingly common [1] . During the winter of 1995-6 in the United Kingdom there were three community outbreaks of invasive serogroup C meningococcal disease (meningitis or septicaemia) for which community prophylaxis programmes were initiated [2, 3] . The largest of these was a combined exercise between Rotherham and North Nottinghamshire Health Authorities in which 16 000 children aged 2-18 years were vaccinated and received either rifampicin (ages 2-10 years) or ciprofloxacin (ages 11-18 years) [2] . Eight cases of invasive meningococcal disease occurred in the 6 weeks before the community programme was implemented (epidemic strain C:2b:P1.2, 1.5). A single further case due to the epidemic strain in a vaccine non-responder occurred 4 weeks after completion of the programme [4] .
Objective evidence about optimal management of community outbreaks of serogroup C meningococcal disease is limited. Recently published guidelines in the UK [5] and USA [6] demonstrate significant differences ; in particular, antibiotics are recommended in the UK but not the USA, the threshold number of cases for intervention differs, as does the use of agespecific rather than total population rates of disease.
Mass community intervention programmes are not without problems and most of the side-effects are probably due to the antibiotics used. These include allergic reactions, eradication of commensal flora, the removal of which could increase the risk of acquiring pathogenic meningococci strains [7] and the selection of antibiotic resistant strains that could impair the efficiency of future prophylaxis and also allow spread of resistance to other bacteria. A false sense of security may be engendered with people believing they have been protected against all types of meningitis after vaccination, rather than the limited spectrum covered by vaccination, leading to possible delays in referral and treatment. There are also significant logistical implications in delivering community intervention programmes and high vaccine coverage is needed for this to be an effective sole intervention [8] .
The medium-term effect on meningococcal carriage of a large-scale community control programme has not been described in an urban setting. To determine this, we undertook a study of pharyngeal carriage of Neisseria meningitidis in school pupils at both secondary schools within an intervention area and two schools outside the intervention area but matched for socio-economic status.
METHODS

Populations
Two secondary schools (ages 11-18 years) were located in the area covered by the community control programme. The Jarman Underprivileged Area scores [9] for the electoral wards where each school were situated were obtained (j5n4 and k8n5). A list of secondary schools in Rotherham Metropolitan Borough Council was obtained from the Department of Education. The two schools in wards with Jarman scores closest to the intervention schools were identified (Jarman scores j4n8 and k9n2). After consultation with the education authority, each school was approached and all four agreed to participate. Approval was obtained from the ethics committees of Rotherham District Health Authority and the Public Health Laboratory Service (PHLS).
A letter explaining the study and requesting parents to allow their child to have pharyngeal swabs taken was distributed to each pupil by the school. This included a consent section to be completed by the parent or guardian and returned by the pupil. Age, sex, school year and history of meningitis vaccination were obtained from each pupil before they had their pharyngeal swab. Pupils were swabbed in the summer (late June and early July) of 1996, 6 months after the community intervention and again in December 1996 (11 months). All pupils whose parents had consented, who were in school on the study day and were prepared to be tested were included. Response rates were calculated using the school roll, after adjusting for absent classes and authorized and unauthorized absences recorded on the study days. No adjustment for pupils absent on work experience sessions could be made.
Microbiology
Pharyngeal swabs were taken using cotton swabs and plated immediately on to New York City medium (Difco). Plates were incubated at 37 mC in air with 5 % carbon dioxide (CO # ) and were examined at 24 and 48 h. A Gram film and an oxidase test were performed on colonies resembling Neisseria spp.
All oxidase positive Gram-negative diplococci were sent to the PHLS Meningococcal Reference Unit (Manchester Public Health Laboratory). These isolates were subcultured initially on to Difco GC base medium (Difco) with added Kellogg's supplement to encourage optimal expression of antigens used to characterize meningococci and grown overnight in air plus 5 % CO # at 37 mC. Identity of single colony picks was provisionally established by Gram stain, oxidase test reaction and fermentation in CTA medium incorporating glucose, maltose, sucrose and lactose (Becton Dickinson).
Serogrouping was carried out by coagglutination of formalin-killed meningococci with a 10 % staphylococcal suspension coated with rabbit antiserum agent raised against A, B, C, H, I, K, W135, X, Y and Z\29E polysaccharides [10] . Any isolate failing to serogroup was further tested for gammaglutamyl aminopeptidase activity to confirm its identity as N. meningitidis and for lactose fermenting activity by ortho-nitro-phenyl-glucosamine to distinguish strains of the closely related commensal organism N. lactamica.
Minimum inhibitory concentrations (MICs) of penicillin, sulphadiazine, rifampicin and ciprofloxacin were estimated by incorporation of antibiotic into blood agar plates and application of a standard suspension of organisms using a multipoint inoculator.
Statistics
Data were stored in Microsoft Access V2.0. Statistical analysis was performed using Epi-Info V6.04 for analysis of tables using χ# and Fisher's exact test and SPSS for Windows 6.1 for multiple logistic regression analyses with carriage as the dependent variable. Correction for multiple testing was done using the Bonferroni method [11] . The main analyses were done by community (intervention and control).
RESULTS
The carriage rates by community status for the summer 1996 swabbing exercise (6 months after antibiotics and vaccination) are shown in Fig. 1 . The relative risks for carriage of N. meningitidis and N. lactamica for the summer 1996 period are shown in Table 1 and for December 1996 in Table 2 . Mean participation rates of pupils over both phases of the study were 90 and 63 % in the intervention schools and 48 and 39 % in the control schools. There were no significant differences in carriage rates comparing one intervention school with the other and similarly between the two control schools in both study periods. Meningococcal carriage rates by school year are shown in Tables 3 and 4 . (Year 7 is the first secondary school year, ages 11-12 ; school years 12-14 are the sixth form years, ages 16 and over). There were 19 pupils (1 %) in the first round whose individual vaccination status was discordant with their community and 53 in the second (2 %). Analyses by individual immunization status, or by excluding individuals whose vaccine status was discordant for https://doi.org/10.1017/S0950268898001502 
Not in school Not in school 12, 13, 14 their community, did not alter the results. There were no significant differences in carriage rates between males and females.
No strains resistant to either ciprofloxacin or rifampicin were detected among the N. meningitidis or N. lactamica isolated.
DISCUSSION
Our results show clearly that 6 months after a mass community antibiotic and vaccination programme there was a reduction in the carriage of N. meningitidis and N. lactamica for ages 11-18 of 72 and 77 % respectively. At 11 months the effect had altered so that the carriage rate in the 11-14 age group remained low (85 % reduction) whereas the rate in the 15-18 age group had reverted to the normal carriage rates seen in the control population.
Unfortunately the carriage rate could not be determined before the intervention programme was implemented as control measures had to be implemented quickly. However, there was no reason to expect the overall meningococcal carriage rate to be unexpectedly low during a community outbreak of serogroup C meningococcal disease. Carriage rates of serogroup C meningococci, even during outbreaks in open communities, are generally below one percent [12, 13] . Carriage rates of serogroup B and nongroupable meningococci in outbreak situations have been shown to be normal or increased [14] [15] [16] , but not Reduction in carriage of N. meningitidis low. The sudden cessation of new cases of invasive meningococcal disease after the intervention programme [2] could have happened naturally or have been a direct result of the marked community-wide reduction in carriage preventing acquisition by those at risk of disease and\or as a result of protection afforded by vaccination [8] .
As the reduction in carriage rates at 6 months was seen in all serogroups of N. meningitidis, and also in N. lactamica, it was very likely that this widespread reduction was due to the mass use of antibiotics and not vaccination. The vaccine does not stimulate an immune response against serogroup B and polysaccharide vaccines are not thought to affect carriage of homologous strains [17] . Carriage rates were similar in both control schools and were comparable to data from other carriage studies [7, 15] so the results cannot be explained by a high prevalence in the control schools with a normal carriage rate in the intervention schools.
The reduction in carriage was seen equally in both intervention group schools and it is unlikely that the swabbing was performed less well in the intervention schools at 6 months compared with the control schools or in specific age groups only in the second round of swabbing. The age-specific differences in December 1996 (Table 4 ) are further evidence against differential swabbing efficacy.
One of the most important uses of the control group in our study was to validate the methodology of swabbing large numbers of pupils and the laboratory identification techniques. The results obtained in the control schools show that the methodology was satisfactory for the following reasons : similar results in both phases, results consistent with other carriage studies [7, 15] and the recovery of N. lactamica, a proxy for good swabbing technique. Therefore the low carriage rate in the intervention area was most likely due to a prolonged effect of antibiotics.
Importantly, the control schools did not differ from the intervention schools in any identifiable way. Firstly, the proportion of total pupils in each school year were similar. Secondly, although Jarman scores are a measure of general practitioner workload they have been widely used as a proxy for socio-economic status [18] . Although invasive meningococcal disease in young children is correlated with social deprivation this relationship is much weaker amongst the age groups in this study [19, 20] . The relationship between carriage of meningococci and socio-economic status is less clear [21, 22] and may be a confounder for smoking and overcrowding. The selection of control schools using Jarman scores is the best method for controlling known or unknown socio-economic factors and our results cannot be explained by socioeconomic or local area factors.
In summer 1996 fewer children were swabbed largely because years 11 and 13 had already finished school and a number of other classes were out of school on the study days. The study days were chosen by the school to minimize the disruption caused by our study. The higher participation rates in the intervention schools were not unexpected and in one intervention school in particular, participation was enhanced by enthusiasm for the study and better organisation. The correction for the authorized and unauthorized absence of pupils still underestimated the participation rates, as some classes were not in school or unable to attend for a variety of reasons. Although it cannot be excluded, it is highly unlikely that any systematic bias resulted from the absence of particular individuals or classes that could explain the difference in carriage rates between the two communities.
Although the participation rates were substantially lower in the control schools this would only be important if it introduced sufficient bias to alter the conclusions substantially. This is unlikely because firstly, despite differences in participation rates between the two intervention schools, carriage rates were similar in both schools for each phase of the study. The same also applied to the control schools suggesting that the participation rate did not affect the results. Secondly the carriage rates in the control area schools were similar to those reported in other published studies in children of this age [7, 15] .
The degree of overlap of pupils between the two swabbing rounds could not be assessed as the ethics committee approval required all results to be anonymized. Even if the same pupils were largely swabbed twice, or they constituted different groups, the results still reflected the levels of meningococcal carriage within their respective communities. The high coverage rate of 90 % in one of the intervention schools meant the majority of pupils were tested on both occasions. A number of pupils were certainly included only once, because years 7 and 12 in December 1996 year were not in school in July 1996.
The age-specific differences in carriage between the two study periods were also noteworthy (Tables 3 and  4 ). At 6 months all age groups showed similar reductions in carriage (Table 3) . At 11 months there were still large and highly significant differences between the two communities up to the age of 14 but above this age carriage rates were similar in both intervention and control populations. These persistently low carriage rates in children under the age of 14 support the contention that there is a low rate of acquisition in this age group within families [23] .
Meningococcal carriage rates increase at around the age of 15 [15] . A number of factors that influence carriage alter at this age and the clear age difference in the carriage rates in our study at 11 months is likely to be associated with similar factors. These include smoking which is associated with an increased carriage rate of meningococci [24] . It was not possible to ask about smoking as the swabbing was carried out in public but as the schools were matched, differential smoking rates are unlikely to explain the difference in carriage rates between the two communities. Other possible factors are the increasing frequency of prolonged close contacts and intimate kissing that increases the risk of acquisition. Compared with younger children, those aged 15 years and over are more likely to mix socially with those over 18 years and with people outside the intervention area who were not included in the mass community programme and who would be expected to have maintained a normal carriage rate of meningococci.
Children in school year 7 (ages 11-12) in December 1996 had been given rifampicin, whereas all other groups reported in this study received ciprofloxacin. Both drugs are effective in the short term [25] and our findings show that this applies to periods up to 11 months.
Other studies of community chemoprophylaxis have shown a similar effect in reducing meningococcal carriage but have only included short follow-up periods : 9 weeks in an isolated Arctic community [26] and 3 weeks in Alabama [14] . The mass use of rifampicin and minocycline in Finnish army recruits led to an immediate decline in carriage but this recovered substantially to the pre-treatment prevalence at 4 weeks [27] . Rifampicin resistance was also detected, unlike in this study. There is only one published longer term follow-up study of a community intervention programme [28] . This was in an isolated Australian Aboriginal community with a population of 1250, including 509 children, and therefore not representative of any part of the UK. The use of meningococcal vaccine failed to stop the epidemic and overall meningococcal carriage rates were 8n4 % when investigated 6 months later. The mass use of rif-ampicin led to a 50 % reduction in meningococcal carriage after a further 6 months. The confidence intervals of this and our study overlap but the Australian results reflect different living conditions, in particular with over-crowding [8] . There are many other examples of the use of meningitis vaccine without antibiotics failing to stop community outbreaks of serogroup C invasive meningococcal disease [1, 8] .
The absence of any resistance to either drug is reassuring, particularly for ciprofloxacin which most of the study group had received. Although only five isolates came from children who had themselves been given rifampicin, there was no evidence of transmission of resistant organisms amongst the children studied.
In conclusion, 6 months after the use of a community meningococcal disease intervention programme there was a marked reduction in meningococcal carriage in children aged 11-18 years. This effect persisted at 11 months for children aged 11-14 years and was most likely to be due to the widespread use of antibiotics.
